The article discusses issues related to the impact of incineration on human health and the environment. The aim of the work is to make a broad overview of the existing literature in this area. The problem was described in the literature based on a number of waste incineration plants studies in both Europe and all around the world. Subjects analyzed in the literature were risks at workplace, both administrative ones and directly related to the process of thermal treatment of waste. These risks result among others from the atmospheric emissions of many pollutants, including most of all polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans, heavy metals and some volatile organic compounds. The results of these studies will be an important argument in the discussion on the possible risks to humans and the environment posed by waste incineration plants and the expediency of building waste incinerators in Poland.
Introduction
Polish integration with the European Union requires us to adapt to the legal requirements in almost every area of the economy. The integration process was started long before the Polish accession to the European Union, and formally ended at the moment of accession in 2004, although the implementation of new directives into Polish law is a continuous process. An area where there are still significant differences between the EU countries and Poland as well as the greatest time lag is environmental protection, in particular waste management.
At present we are in the process of remodeling the entire waste management system, which results from the need to meet the European requirements. Despite the fact that, according to Eurostat, a statistical Pole produces much less municipal waste than an average citizen of the EU (respectively Poland -300 kg/year/inhabitant, European Union -500 kg/year/inhabitant) -there is still a lot of work for us in this regard. Up till now in Poland in fact the only method of dealing with waste has been landfilling. We are obliged to change this situation by obtaining the appropriate level of recovery, recycling and by reducing waste generation. Reduction of the waste landfill is inseparably connected with the necessity of its thermal treatment, in particular the waste which can neither be recovered nor recycled. Thermal processing is also a method of energy recovery from generated waste, which is one of the measures of waste handling according to Directive 2008/98/EC [1] .
Plans to build waste incineration plants are accompanied by a huge public controversy, protests, usually not supported by rational arguments. The purpose of this paper is to review the existing literature on currently operating waste incineration facilities in Europe and in the world, with special emphasis on the impact of studied facilities on the people employed in them and the people living in the immediate surroundings as well as the impact on the environment. In this article, based on our extensive review of the literature, we presented the actual impact of a waste incineration process and accompanying atmospheric emissions of harmful agents on people and the environment in the vicinity of the investment.
Hazards associated with the process of waste incineration
Pollutants generated in waste incineration plants, as by-products of the thermal process, are the main argument for opponents of the construction of these facilities. These are mainly heavy metals: dioxins (polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans -PCDD/Fs), polycyclic aromatic hydrocarbons, polychlorinated biphenyls and various volatile organic compounds. Table 1 shows a summary of the main chemical pollutants in the context of their effects on human health. Particular attention was paid to the carcinogenic effects of these chemicals. Carcinogenesis is one of possible consequences of exposure to the substances listed in the table. According to the report of the Institute for Environment and Health in 1997 [3] it has been found, that although there is no significant increase in the incidence of cancer in people working in incineration plants or living in their vicinity in relation to the general population they are exposed, however, to higher levels of these pollutants. The authors of the report did not exclude that the study might not be sensitive enough to detect existing side-effects of exposure to listed chemical substances. The later publication of the Carcinogenity Commission in 2000 includes a similar conclusion: "Any potential cancer risk resulting from residence near municipal solid waste incineration plants are extremely low and probably unmeasurable even using the most modern epidemiological techniques" [4] .
Although harmful effects of heavy metals on a human organism and the natural environment seems to be obvious and undeniably confirmed by years of research and experiences, there is still no certainty about the health effects of other substances discussed above -dioxins and polycyclic aromatic hydrocarbons. In the scientific community it is hard to find clear statements and conclusions based on research results, especially those dioxins are emitted during all thermal processes such as: energy production, industrial production, road transport and incineration processes in the municipal sector. There are also natural sources of dioxin emissions -forest fires, volcanic eruptions, electrical discharges. Public concern as well as non-governmental organizations, which proclaim the opinions about undoubted dangers of dioxin and polycyclic aromatic hydrocarbons usually without reference to a specific source, do not help either. In contrast to them Cole et al maintains in his work [5] that the classification of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) by the IARC as a carcinogen of Group I is incorrect and that test results do not indicate a carcinogenic effect of this compound on humans in small or high doses.
On the other hand, according to the available literature, it is an undisputed fact that polycyclic aromatic hydrocarbons (PAHs) have carcinogenic properties, and 4 of them are classified by IARC as carcinogens of class I. Particularly dangerous is benzo(a)pyrene, for which there is verified evidence of carcinogenicity in relation to the human body.
In addition to chemical hazards in waste incineration plants there should also be mentioned physical hazards -such as noise and hot microclimate.
Noise, apart from the basic and obvious effects such as: hindering communication, causing distraction at work, increasing the risk of accident and causing discomfort in people exposed to it. The adverse effect of noise on the human body is complex, since it involves direct action: on middle and inner ear and indirect action: on nervous system and psyche as well as the reflex effects on the functioning of other organs. This factor accelerates fatigue, adversely affects the entire body and, above all, can result in damage and even loss of hearing. Indirect effects of damage to the hearing organ among others include: noises in the ears, a feeling of fullness. They can be permanent or reversible. Irreversible effect of noise is the result of partial or total loss of hearing caused by noise impact over many years. The consequence of the partial loss of hearing due to harmful effects of noise are significant disturbances in the assessment of the volume of sound, loss of ability to distinguish pitch and limited ability to determine the direction of sounds [5] .
The consequences of the impact of noise on humans include also other than hearing reactions of the body. These include: changes in the cardiovascular system -hypertension, increased heart rate, changes in the gastrointestinal tract -excessive secretion of gastric juice, the tendency to develop gastric ulcer disease, changes in the carbohydrate, fat and protein metabolism -a decrease in blood glucose level, a hormonal disorder -stress reactions, quantitative changes in hormones [5] .
Working in a hot microclimate requires from the human body an extra effort to maintain thermal equilibrium. For this purpose, the body produces and secretes an increased amount of sweat, which requires heat dissipation by the blood flow to the skin that is cooler than the internal tissue. Hot microclimate has a significant impact on the well-being of working people and their efficiency [6] .
The situation of having to work in hot microclimate is called the body heat stress. It causes skin vasodilation, increased sweating and thus the loss of water and mineral salts, the increase in body temperature and heart rate increase. All these irregularities in the functioning of the body lead to illnesses such as heat exhaustion, heat cramps, heat syncope and heat stroke [7] .
Another group includes biological hazards which, according to the definition in the Regulation of the Minister of Health [8] , are "harmful biological agents which may cause infection, allergy or toxicity and include: 1) cellular microorganisms, including genetically modified; 2) cell-free units capable of replication or of transferring genetic material, including genetically modified; 3) cell cultures; 4) human endoparasites".
The above-mentioned regulation mentions work in waste management plants, which undoubtedly includes waste incineration plants, as belonging to works which expose workers to biological agents [8] .
These physical and biological hazards do not raise many social controversies, especially as they relate primarily to the staff of these facilities. They, however, can not be ignored, because incineration plants are not self-serviced installations and the health of people working there deserves the same attention and protection as the health of local residents.
Study of the effects of incineration on the neighborhood
Studies on the effects of dioxins (PCDD/Fs) for residents in impact areas of waste incineration plants were carried out in recent years in Belgium, France, Portugal and Italy. The authors of papers focused on the existence of the health effects of dioxin emissions to the atmosphere. The works relate to the incineration plants built in the 70s, 80s and 90s, dioxin emissions in that period was not monitored but the level of emissions was roughly estimated for the needs of the carried out simulations ( Table 2) .
The results of the study are not conclusive, although most of the presented conclusions indicate a clear impact of dioxins on the deterioration of the health condition of the tested population. It should, however, be taken into consideration that the studied facilities were old which were built to meet the demands of a much less restrictive law, tailored to meet less demanding standards of emissions to the atmosphere. These plants over time were modernized and adapted to more and more stringent regulatory requirements or were closed, however, considering the fact that the accumulation of harmful substances in the environment, despite the reduction of emissions to the atmosphere, dioxins accumulated during the years of releasing them to the environment could affect for a long time and could freely migrate and be absorbed by people on many levels. 
Study of the effects of incineration on employees
There were also conducted studies of the impact of the same substances on the health of people working in waste incineration plants. These studies were not limited only to the impact of dioxins on human health, there were taken into account also heavy metals, volatile organic compounds. Biological agents, dust or noise in waste incineration plants and their impact on the health of workers were described only in a small number of research works. The assessment of the hazards for people working in these plants was above all based on blood and urine tests, but also on the general health examination, conducted personal surveys on lifestyle, dietary habits, ailments associated with the work, if such were observed. The purpose of the comparison of works was primarily the identification of hazards existing in the work environment, assessment of risk associated with them, estimated at various workplaces: administrative and technical or workers -directly connected with the process of waste incineration. An important element of the conducted research was of course health consequences of human exposure to the identified hazards present in the workplace -their reversible and permanent effects, intensity, incidence of observed health effects.
The test results show that it is difficult to tell clearly how big impact on the health of employees has working in exposure to occupational hazards occurring in waste incineration plants. The authors of the Finnish publication on the incineration of municipal waste in Turku indicate that the restructuring of the incineration plant, monitoring the types of waste that go into the combustion chamber and the use of appropriate protection for employees makes it possible to protect people both inside and outside the plant against adverse factors related to the operation of the incineration plant [22] . However, unlike other works, this publication also contains information on biological agents, presence of dust, bioaerosols, endotoxins, noise level. It indicates the specific personal protective equipment to be used by employees in the places, where permissible levels of harmful factors can be exceeded, it does not indicate hazards caused by most frequently mentioned chemicals. There are no significant differences in exposure between workers of the new incineration plant and the control group, in comparison with the control group in the employees of the old incineration plant there was a significant increase in the concentration of octaCDD, hexaCDF, heptaCDF and the total concentration of PCDD and PCDF. The level of the tested substances was significantly higher after than before starting work, especially in those working in exposure to dust, there was no difference in concentration between the workers and management staff, higher concentration of the substance has been observed in persons engaged in this type of work earlier than those working in the plant for the first time.
[ There were no differences between the concentrations of the tested substances in the workers of the incineration plant compared with a group not exposed to these pollutants, no differences were noted in the concentration of tested pollutants between individual professional groups in the plant.
[ Significantly more symptoms of irritation of skin and mucous membranes in a group working in the incineration plant than in the control group, in the exposed group higher incidence of cough; People in the test group showed lower respiratory performance than the control group, there was confirmed a convergence between lower respiratory performance and length of employment in the incineration plant. Incineration plant workers reported more accidental events and benefit from longer sick leaves than those in the control group.
The factors on which most research focus are the chemicals released as a by-product of the combustion reaction, mainly dioxins and heavy metals. Dioxins cause the greatest concern, their impact on human health and life is least known, least sure are effects of these factors on health and life and their quantities present in the environment needed to elicit these effects. Most of the authors point to the need for further observations in the directions indicated by them, because achievements to date do not solve the issue of health risk to workers of the incineration plants, they may be only a guideline indicating the type of problems faced at present and in future by workers exposed to those harmful factors.
Conclusion
Investing in the construction of waste incineration plants in Poland has a specific goal, apart from the need to meet the legal requirements under the threat of financial penalties from the European Community. Such a change in the entire waste management system is guided by the need to improve the quality of the environment or at least a desire for non-deterioration of its condition. An important issue is if, by changing the present method of dealing with waste, some harmful for environment substances are replaced by other equally adverse, if side effects of the already functioning system are smaller or greater than those of the system that needs to be implemented. For example, by analyzing changes in the waste management system in New York [23] it was stated that living near a landfill causes more than 5 times higher risk of developing cancer and other serious diseases than living in the area of a waste incineration plant. However, this problem can not be solved theorizing, research carried out so far in foreign facilities does not allow for an unambiguous transfer of conclusions to the current situation. Therefore, there is a justified need for a reliable, systematic research in the existing waste incineration plants in our country. So far in Poland there was no motivation to conduct studies in this field, now they are motivated by the health of workers, local residents and the condition of natural environment. It is necessary to determine whether the current regulations are a sufficient protection against potentially harmful effects of waste incineration plants for workers and people living in the immediate surroundings. The results of the research can serve as a key argument in the debate on the expediency of the construction of waste incineration plants in Poland and the discussion of possible risks that these plants pose to people and the environment.
